INTRODUCTION
Endodontic pathology is a bacterial disease. It is well established that periapical disease is the result of bacteria, their product, and the host response to them. Histological studies in general, have not been able to demonstrate viable bacteria in periapical lesions. These findings persist to the present time. Nowadays, evidence indicates that many of these lesions are indeed infected before, and after endodontic treatment. Iwu showed that 88% or 14 of 16 periapical granulomas were positive for bacteria when they were homogenized and cultured (1) .
In 1992 Wayman (2) studied 58 cases of periapical lesions. He cut these lesions in half and examined one half histological and cultured the other half. In only 8 of 58 cases could he demonstrated bacteria histologicaly. However, when the other half lesion was cultured 51 of 58 cases were positive. He found 133 isolates, of which 87 were strict anaerobes, 37 were facultative anaerobes and only 9 were aerobes. The bacteria (3) were found not only in periapical abscess but also in granulomas and cystis.
Microorganisms vary in their pH tolerance ranges, and most human pathogens grow well within a range of 5 to 9 pH (4). Some strains of Escherichia coli, Proteus vulgaris, Enterobacter aerogenes and Pseudomonas aeruginosa can survive in pH 8 or 9 (5) . These bacterial species have occasionally been isolated from infected root canals, usually causing secondary infections (6) . Certain bacteria, such as some enterococci, tolerate very high pH values, varying from 9 to 11. Fungi generally also exhibit a wide pH range, growing within a range of 5 to 9 pH (5). It has been demonstrated that enterococci and fungi are highly resistant to calcium hydroxide (7, 8) . Since these microorganisms are commonly found in cases of endodontic failure, the routine use of calcium hydroxide should be questioned.
Endodontic infections are polymicrobial, and no known medicament is effective against all the bacteria found in infected root canals. In addition, the medicament should ideally reach microorganisms located in distant areas of the root canal system in lethal concentrations. Antibiotic therapy has been used for years as an adjunct to periodontal treatment. One of the most promising recent advances in periodontal therapy has been the development of sustained-release delivery systems to administer antibiotics directly to the periodontal pocket. Locally delivered antibiotics overcome many of the disadvantages that we see with systemic drugs. There are specific guidelines and indications for the use of locally delivered antibiotics as adjuncts to periodontal therapy in dental practice. Periradicular disease will occur after microorganisms and their metabolic products affect the periradicular tissue. The magnitude of the host response will be directly proportional to the virulence and the number of microbial cells present. Tissue damage caused by bacteria is mediated by either direct or indirect mechanisms. Direct harmful effects caused by bacteria involve their products, such as enzymes (collagenase, hyaluronidase, condroitinase, acid phosphatase), exotoxins and metabolites (bytrate, propionate, ammonium polyamines, sulphured compounds). In addition, bacterial components such as peptidoglycan, teichoic acid, fimbriae, outer membrane proteins, capsule, and lypopolysaccharide, stimulate the development of host immune reaction capable of causing severe tissue destruction (9, 10, 11) . For example, macrophages can be activated by bacterial components and can be stimulated to release chemical mediators such as cytokines (interleukin-1b, tumours necrosis factor, and interleukin-6), and prostaglandins, which are involved in the induction of bone resorbtion commonly observed in chronic periradicular diseases (10, 11) . Recently, it has been demonstrated that bacterial DNA may activate macrophages and dendritic cells triggering release of pro-inflammatory cytokines (12) . Another example refers to the tissue damage associated with the acute periradicular abscess. Host defense mechanisms against bacteria aggressing from the root canal appear to be the most important factor involved in the pus formation associated with acute periradicular abscess. Formation of oxygen derived free radicals, such as superoxyde and hydrogen peroxyde, together with the release of lysosomal enzymes by polymorphonuclear neutrophils, such as elastase, collagenase, and gelatinase, induce the destruction of the extracellular matrix, leading to the pus formation (13) . Therefore, bacteria can exert indirect destructive effects, which seems to be more significant in the tissue damage associated with acute and chronic periradicular lesions.
DRUG DELIVERY DEVICES
There are two possible approaches to improve the drug action:
-sustained and controlled drug release to reduce or eliminate side effects by improving the therapeutic index; -site-specific drug delivery to minimize systemic effects.
These two strategies have been explored by the association of drugs with different vehicles, either naturals or synthetics. Drug delivery systems can be classified according to the mechanism controlling drug release. We distinguish three categories:
-"solvent controlled" matrix systems based on macromolecular matrix permeability to small molecules after matrix swelling into hydrated medium; -"reservoir systems" controlled by drug diffusion across a polymeric membrane; -"chemically controlled systems" where the rate of drug release is controlled by the rate and extent of degradation of chemical bonds and the erosion of the polymeric matrix.
For all these systems, the basic polymer can be of natural origin such as proteins (14) or collagen (15), semi-synthetic such as cellulose derivatives (16, 17) or synthetic, all of which must preferably degrade during use. Natural polymers have been considered as biodegradable carriers (18) . However, most of them have disadvantages inherent to their structure, including limited half-life, complexity of composition and immunogenicity due to the polymer itself or to its degradation by-products. Many polymer-based systems for antibiotic delivery in the treatment of periodontal diseases have been studied and evaluated in vitro and/or in vivo.
PERIODONTAL LOCAL DELIVERY DEVICES
Local delivery devices were widely studied for various applications. Table 1 includes a list of advantages and potential disadvantages of controlled release devices. Regardless of the carrier system used, a candidate polymer for the design of a controlled delivery system must comply with a range of characteristics valid for most biomaterials:
-it must be free of elutable impurities, additives, stabilizers, catalyst residues, and emulsifers; -with the exception of bioerodable systems, the physical, chemical, and mechanical properties of the polymer should not be altered by the biological environment; -it must have sufficient mechanical and thermal stability; -it must be able to be readily processed, cast, or moulded in films, rods, tubing systems, and so forth; -the material should not be carcinogenic, toxic, or inflammatory; -the system must be able to be sterilized or prepared under aseptic conditions.
A wide variety of specialized local delivery systems (i.e. intrapocket devices) have been designed to maintain the antibiotic in the GCF (gingival crevicular fluid) at a concentration higher than the MIC (minimum inhibitory concentration). Fibres, films, strips and micro particles made of biodegradable or non-biodegradable polymers have been reported as effective methods to administer antibacterial agents for periodontal therapy. Together with these solid devices, semisolid adhesive or non-adhesive formulations have also been proposed.
Root canal therapy
The most important elements of root canal preparation are effective access and aseptic biomechanical preparation. Medicaments such as Ledermix paste and calcium hydroxide pastes have been recommended as routine intracanal medicaments. Early investigations evaluated two antibiotic-containing preparations: Grossman's polyantibiotic paste, which contains penicillin, bacitracin or chloramphenicol and streptomycin (19) and the other a mixture of neomycin, polymixin and nystatin (20) . Both of these had some efficacy as intracanal medicaments. A more recent study has shown that clindamycin gave no advantage as a root canal dressing when compared with conventional root canal dressings (21) . Further in vitro investigations have produced more favourable results with antibiotic mixtures such as ciprofloxacin, metronidazole and minocycline that were used as topical root canal agents (22, 23) . However, the consensus of clinical opinion is that calcium hydroxide is the most appropriate agent for the purpose of controlling bacterial activity (24) . Even though, it has been demonstrated that enterococci and fungi are highly resistant to calcium hydroxide (7, 8) . Since these microorganisms are commonly found in cases of endodontic failure, the routine use of calcium hydroxide should be questioned. 
ADVANTAGES AND DISADVANTAGES OF LOCAL DELIVERY
I Advantages of local delivery when compared to systemic delivery of antimicrobial agents: -higher concentration -fewer side effects -sustained / controlled delivery -patient compliance II Disadvantages of local delivery when compared to systemic delivery of antimicrobial agents: -more expensive -more time consuming -no effect on bacterial reservoirs 
TYPES OF LOCAL ANTIBIOTIC THERA-PY WITH SLOW RELEASE DEVICES

Tetracyclines
The tetracyclines are a group of broad-spectrum antibiotic agents that were introduced into clinical practice in the late 1940s. There are now numerous compounds on the market, all based on the congeneric derivatives of the polycyclic naphthacene carboxamide (26) . Tetracycline, doxycycline and minocycline are used extensively in the management of periodontal diseases. They are bacteriostatic antibiotics, which interfere with bacterial protein synthesis and also inhibit tissue collagenase activity (27) . They have a broad spectrum of activity inhibiting both Gram-negative and Gram-positive organisms, including the beta-lactamase producing strains which occur in approximately 50% of 6-7 mm deep periodontal pockets and against which penicillins are ineffective. Tetracycline analogues such as doxycycline and minocycline, although more expensive, have a number of theoretical advantages over tetracycline. They exhibit greater oral absorption, they have more prolonged half-lives, and they show enhanced lipid solubility, which is important for their antibacterial action (26) . The inhibitory effect of tetracycline on oxygen radicals may also prevent a wider spectrum of tissue destruction. Thus, tetracyclines may have general antiproteolytic properties.
Anticollagenase inhibition
In addition to the antibiotic effects of tetracyclines, a further mechanism has been proposed to explain their efficacy in the treatment of periodontal disease, notably their anticollagenase action (28) . This action appears to be related to the source of the enzyme and the tetracycline used. Doxycycline is the most potent tetracycline for collagenase inhibition. Collagenases derived from neutrophils (mature metalloprotcinases-8) are more susceptible to a tetracycline-induced inhibition while collagenases derived from human fibroblasts or gingival cervicular fluid collagenase harvested from deep periodontal pockets appear to be more resistant to the drug.
Tetracycline inhibition of collagenase may relate to the drug's ability to bind with calcium and zinc ions (28) .
Zn 2+ are located at the active site of the enzyme, whilst Ca 2+ are on an exogenous co-factor. A further mechanism may be associated with the ability of the tetracyclines to scavenge reactive oxygen radicals (e.g. hydroxyl groups or hypochlorous acid) produced by PMN 5 , These oxygen radicals activate latent collagenases. Inhibition of collagenase may result in further antiproteolytic effects such as inactivation of a-1 proteinase inhibitor and neutrophil elastase.
Metronidazole
Among the antibiotics that have been considered for periodontal treatment, metronidazole has often been chosen because of its selective efficacy against obligate anaerobes (29) . Metronidazole acts by inhibiting DNA synthesis. It is known to convert into a reactive reduced form and affects specifically anaerobic rods and spirochetes in the subgingival microflora. Metronidazole has also been successful in refractory and advanced cases when used for a 1-week period (16) . Other studies reported that adjunctive metronidazole therapy was more effective in adults with deep pockets than with less advanced periodontitis (30) .
Clindamycin
Clindamycin has been investigated for treatment of periodontal disease in a limited number of studies (31, 32) . Systemic clindamycin therapy, as an adjunct to scaling, decreased the incidence of active disease from an annual rate of 8.0 to 0.5% of sites per patient (33, 34) .
Following gel insertion of clindamycin in conjunction with subgingival scaling, motile rods and spirochetes were not detected after 1 month. Prevotella intermedia and Porphyromonas gingivalis were eliminated or below detectable levels after 1 week.
CONCLUSION
Antibiotic therapy has been used for years as an adjunct to periodontal treatment. One of the most promising recent advances in periodontal therapy has been the development of sustained-release delivery systems to administer antibiotics directly to the periodontal pocket. Locally delivered antibiotics overcome many of the disadvantages which wee see with systemic drugs. There are specific guidelines and indications for the use of locally delivered antibiotics as adjuncts to periodontal therapy in dental practice.
Endodontic infections are polymicrobial, and no known medicament is effective against all the bacteria found in infected root canals. In addition, the medicament should ideally reach microorganisms located in distant areas of the root canal system in lethal concentrations.
It has been demonstrated that enterococci and fungi are highly resistant to calcium hydroxide (7, 8) . Since these microorganisms are commonly found in cases of endodontic failure, the routine use of calcium hydroxide should be questioned.
